7 Ω cm for PZT pellets made without PVA suggest these nano-crystalline PZT spatulae to be the potential candidates for high frequency applications.
INTRODUCTION
In advanced ceramics technology, the production of good quality powders using different synthetic routes has always been an essential requirement to obtain materials with desired properties, purity and stoichiometry. It is because of an ever-increasing pace of development of various technological innovations to sustain competitive advantage, that various synthetic methods such as selfpropagating high temperature synthesis (SHS) [1] , solgel [2] , hydrothermal [3] [4] [5] [6] , solution combustion synthesis (SCS) [7] and wet grinding solid state thermal reaction (a combination of SHS and SCS methods) [8] have been reported in literature for the preparation of inorganic oxide materials. Metal oxide of composition PbZr 0.52 Ti 0.48 O 3 , synthesized by sintering process between 1200°C and 1300°C is known to be quite important for technological applications due to its ferroelectric and piezoelectric properties near morphotropic phase boundary (MPB) [9, 10] . For multilayer components and thick film devices, it is desirable to bring down its sintering temperature, thereby reducing energy consumption and PbO evaporation.
In view of these interesting reports, we have therefore made an attempt to synthesize nano-crystalline spatulae of lead zirconate titanate, PbZr 0.52 Ti 0.48 O 3 , near morphotropic phase boundary (MPB) by a novel method, solution ignition synthesis (SIS). This method is better than other methods in a way that by igniting the solution drop-wise, the surface area is increased and heat produced during ignition is sufficient to rise the internal temperature per ignited drop, thereby reducing the overall high temperature sintering requirement for the ceramics.
MATERIALS AND METHODS

Chemicals
The starting materials used for the preparation of lead zirconate titanate powder i.e. lead acetate Pb (CH 3 COO) 2 o C during the course of addition was maintained. The resulting clear mixture solution was then ignited by dropwise addition over aperiod of 4-5 hours into preheated silica crucible kept at 200 o C. Yellow colored solid mass formed during the course of addition was scratched from the walls of silica crucible after cooling it to room temperature. It was finally grinded to a fine powder and labeled as "as-ignited powder". The post annealing of the "as-ignited powder" was done in an electric furnace at 600 o C and 700 o C for four hours in each case.
Instrumentation
FTIR spectra were scanned in KBr pellets using single grating Nicolet 5700 series FTIR spectrophotometer in the range of 4000-200 cm -1 . Thermal analysis curves (TGA/DTG/DTA) of the synthesized powders were recorded on a double pan SHIMADZU DTG-60H (simultaneous TG/DTA module) thermal analyzer. The thermocouple used was Pt/Pt-Rh (10%) with a temperature range from ambient to 1300 ٥ C. The thermal investigations were carried out by heating the sample in a Pt crucible in nitrogen atmosphere and using -Al o C on Hitachi S-4700 model. For electrical measurements, two types of pellets, one by using 2% PVA as binder and other without PVA, were made from nano-crystalline PZT spatulae annealed at 700 o C. Pelletization was done by applying 15 tons of pressure on nano PZT powder put into a circular dye, from a hydraulic press for 5 minutes and then sintered at 700 o C. Both the sides of the sintered pellets were cleaned, smoothened with a very fine sand paper and electroded by applying silver paste. Current Voltage (I-V) measurements were made by using two probe method on Kaithley Source Meter (Model 2611), while dielectric studies were done by measuring capacitance of the sample with metal-insulator-metal (MIM), Agilent 4285A, 75 KHz to 3 MHz precision LCR meter.
RESULTS AND DISCUSSION
The synthesis of nano-crystalline PZT powder of composition Pb(Zr 0.52 Ti 0.48 )O 3 near MPB by Solution-Ignition Synthesis has been shown in Figure 1 .
FTIR Studies
A perusal of the FTIR spectra of as-ignited PZT powder (Figure 2a) shows no absorption bands at 2912cm -1 , 1652cm -1 and 1560 cm -1 attributed to ν C-H and ν C=O modes of acetate group indicating complete ignition of organic material used for the synthesis of samples. The absorption bands occurring at 1428 cm -1 and 1110 cm -1 , may be ascribed to ν C-O modes of the trapped atmospheric carbon dioxide in the PZT material [11] . Interestingly, the intensity of these two bands decreases significantly when annealed at 600 o C (Figure 2b ) and disappears completely at 700 o C (Figure 2c) . Another distinct absorption band observed at 563 cm -1 has been assigned to ν M-O mode which is characteristic of the formation of ABO 3 type of perovskite structure of PZT powder [12] . The effect of annealing at 600 o C and 700 o C on the characteristic bands is apparent from the shift of ν M-O band from 563cm -1 to higher wave numbers, 590cm -1 and 592cm -1 respectively, presumably due to increased number of M-O bonds in the perovskite phase of PZT material. In addition, the band at 592cm -1 in the sample annealed at 700 o C has been found to be more intense than the band at 590cm -1 annealed at 600 o C, confirming thereby the formation of more of perovskite phase at higher temperature. 
Thermal Analysis
Thermo analytical curves (TG/DTG/DTA) for as-ignited PZT powder (Figure 3 o C in DTA curve indicated the escape of carbon dioxide gas trapped in as-ignited PZT powder. The TG/DTA curves (Figure 3 red in color) of as-ignited powder annealed at 600 o C, however, has shown neither any weight loss in TG nor any peak in DTA curve indicating the complete removal of carbon dioxide gas trapped in the lattice of nano-crystalline PZT powder.
XRD Studies
Powder XRD pattern of as-ignited PZT powder ( Figure  4a ) shows broad and an ordered arrangement of peaks, indicating the formation of nano-crystalline lead zirconate titanate, presumably resulting from the internal heat produced during drop-wise ignition of the reaction mixture solution. Further, the pyrochlore phase which was present initially at 28.5 o 2θ with relative intensity of 100% (657 counts) in as-ignited PZT powder (Figure 4a) gets significantly reduced at 600 o C and completely transformed into perovskite phase at 31.0538 o 2θ value after annealing at 700 o C (Figures 4b and 4c) . Apparently, therefore, the results of the PXRD patterns of as-ignited PZT powder coupled with FTIR and thermo analytical curves suggest that the solution ignition synthesis (SIS) is a novel method of synthesis of nanocrystalline PZT spatulae.
Indexing of the XRD patterns of nano-crystalline PZT powder annealed at 700 o C (Figure 4c ) has been done by matching them with the patterns of known PZT powder of composition Pb(Zr 0.52 Ti .48 )O 3 [13, 14] . Lattice pa- o 2θ values respectively in XRD pattern with slight lattice distortion (c/a) values to be 1.0620 have been found to be very close to that of 1.066 of pure tetragonal phase [15] . Further, the sharpness of the diffraction peaks in the XRD pattern (Figure 4c) suggests better homogeneity and crystallinity of the nano PZT spatulae. It is pertinent to mention here that with the increase in annealing temperature of as-ignited powder from 600 o C and finally to 700 o C, a substantial increase in the intensity (counts) of the perovskite (110) orientation has been observed thereby confirming the enhanced crystallinity.
The relative amounts of perovskite and pyrochlore phases ( Table 1 ) have been determined from the relative intensity of XRD peaks by using following equation [16] Table 1 indicates that amount of pyrochlore phase decreases while the perovskite phase increases with the increase in annealing temperature.
Apart from the tetragonal phase depicted from the XRD pattern of the PZT powder annealed at 700 o C, the relative percentage of rhombohedral and tetragonal phases has been calculated from the triplets of the type (002) 
Crystallite Size, Shape and Density
Size
Broadening of the peaks observed in the XRD patterns (Figures 4a-4c) indicates particles in the nano range. Crystallite size of the nano-crystalline PZT powder an- 
where k is the constant of proportionality (Scherrer constant) and depends on how the width line is determined and value of k is generally taken as 0.9. λ represents the wavelength of the X rays and has a value of 1.54060A o , θ is the half of the angle (2θ) of diffraction and β is the value of broadening of (110) line at Full Width Half Maximum (FWHM) of in radians and has been found to be 13.6 nm which increases to 21.4 nm respectively. Such an increase in the crystallite size with increase in annealing temperature finds support from earlier reports in literature [18, 19] .
Shape
FESEM of the nano-crystalline PZT powder annealed at 700 o C ( Figure 5 ) shows a mixture of both spherical particles and stacks of nano spatulae of about 204 nm in width. The spherical nature of the crystallite has been attributed to the high pressure exerted by the evolution of gases such as CO 2 , N 2 , O 2 , etc. during the course of ignition reaction [20] while the formation of stacks of nano spatulae may be attributed to the partial melting and subsequent solidification during dropwise ignition of the PZT powder in the preheated silica crucible. A high resistivity value of 3.043 * 10 7 Ω cm found in the present studies has been attributed to the stoichiometric composition, better crystal structures and improved microstructures obtained by this new solution ignition synthesis (SIS) technique. The higher value of resistivity is also of significant importance as it makes this nano-crystalline PZT spatulae suitable for high frequency application. 
Densities and Porosity
Dielectric Studies
The dielectric constant (ε) and dielectric loss (tan δ) of sintered pellets of nano-crystalline PZT spatulae (with 2% PVA and without PVA) as function of frequency at different temperatures have been studied and trends are shown as graphs in Figures 7a and 7b . The values of 83 and 227 for dielectric constant and 0.118 and 0.0609 for dielectric loss have been found at a frequency of 1MHz which remains nearly same in the higher frequency range (up to 3MHz). Further, a comparison of the values of both dielectric constant (227 and 249) and dielectric loss (0.0609 and 0.042) at 298 K and 373 K respectively at constant frequency of 1MHz (Figure 8) shows an increase in dielectric constant with decrease in dielectric loss values. These observed low values of dielectric constants have been found to be in agreement with the fact that small grains attain low values of dielectric constant and can stabilize dielectric relaxation up to higher frequency region [21] . These studies also indicate that nanocrystalline spatulae of lead zirconate titanate, Pb (Zr 0.52 Ti 0.48 )O 3 synthesized near MPB with almost same values of dielectric constant and dielectric loss over a large range of frequencies (up to 3 MHz) may find their role as successful and stable dielectrics in the field of electronics. 
CONCLUSIONS
The present work describes a simple, effective and novel synthetic strategy namely Solution Ignition Synthesis (SIS) route for the preparation of nano-crystalline PZT, which is advantageous over other commonly employed methods. The FTIR and XRD patterns of the nano crystalline PZT spatulae confirmed their perovskite structure near MPB. The dielectric constant and high values of resistivity also suggest that they may find their role as potential materials suitable for high frequency applications and as stable dielectrics.
